Introduction
When a noise burst is radiated in a reverberant room, the maximum value of transient interaural cross-correlation (TRICC) starts as 1 due to direct sound, is then decreased by early reflections, and finally converges into the value in the diffuse field [1, 2] . This temporal change in the TRICC for a noise burst corresponds to the spatial impression that begins with sound-image localization, which then becomes blurred, and ends up being subjectively diffused. In this study, from a viewpoint of making an artificial sound field by using loudspeakers or a headphone for multimedia applications, we investigate the discrimination of temporal change in transient interaural cross-correlation coefficient at a boundary time of 80 ms after direct sound has arrived to analyze the basic characteristics of hearing for temporal change in the spatial impression.
Temporal change in transient interaural crosscorrelation function
The transient interaural cross-correlation function is defined as a cross-correlation function when a noise burst is radiated in the sound field [1] . It is obtained by calculating the cross-correlation function of two impulse responses at the listener's ears, and multiplying a rectangular window with the same duration as the noise burst.
The transient interaural cross-correlation function in the rise of a sound field È R ðT d ; (Þ and in the fall of a sound field È F ðT d ; (Þ are denoted such that
where h L ðtÞ and h R ðtÞ are the impulse responses at both ears and T d is the temporal boundary for the rise and fall of a sound field.
In the case of a reproduced sound field by using loudspeakers where the sound image is distributed symmetrically and the interaural cross-correlation function is also symmetrical in terms of (, the spatial impression including apparent source width (ASW) and listener envelopment (LEV) does not correlate with the maximum absolute value of interaural cross-correlation (IACC) or TRICC, but the value of the transient interaural cross-correlation function at ( ¼ 0 or the transient interaural cross-correlation coefficient [3] . Therefore, transient interaural cross-correlation coefficient at rise (ICR) and transient interaural cross-correlation coefficient at fall (ICF) are measures related to spatial impression in the rise and fall of a sound field. Here, ICR denotes the value of È R ð0:08; 0Þ and ICF denotes the value of È F ð0:08; 0Þ, which are the transient interaural cross-correlation function at T d ¼ 80 ms at ( ¼ 0. In this paper, temporal boundary T d was established at 80 ms from previous research [4] . Figure 1 plots an example of È R ð0:08; (Þ and È F ð0:08; (Þ using simulated impulse responses. Here, ICR equals 0.5 and ICF equals 0.8.
Stimuli for listening test
To investigate the discrimination of temporal changes in the transient interaural cross-correlation coefficient, it is necessary to generate impulse responses with different ICR and ICF values. The impulse response used in this study was an impulse response from a rectangular room calculated using a mirror image method with a length of 1 s, sampled at 48 kHz. Forty-seven of reflections in the impulse response arrived within 80 ms after the direct sound arrived. Reverberation was also calculated by the mirror image method. Figure 2 outlines the process to obtain the impulse responses. The envelope for the impulse response was trimmed to have an exponential decay shape with a reverberation time of 1 s. The pair impulse response h R ðtÞ was obtained by shifting the arrival time for each h L ðtÞ reflection. The time difference in the reflections of two impulse responses was randomly varied in uniform probability, and when the range in the time difference increased, the ICR or ICF between two impulse responses became quite small. In addition, to avoid the one-Ã e-mail: terada@yana.net.it-chiba.ac.jp y Present address: Hitachi, Ltd., 6-27-18, Minami-oi, Shinagawa-ku, Tokyo, 140-8572 Japan sided distribution of sound images and keep it symmetrical, an odd number of reflections was forwarded while the even number was delayed.
Noise burst used is pink noise with a duration of 50 ms with a limited bandwidth from 100 Hz to 1.5 kHz. This is since we examined the transient interaural cross-correlation coefficient within a frequency band where the interaural phase difference was dominant for sound-image localization. The stimuli were obtained by convolving band-limited pink noise and impulse responses, i.e., h R ðtÞ or h L ðtÞ. Figure 3 has some waveforms of a stimulus.
Experiment I: Fixed IACC
We studied the discrimination of a stimulus that had different ICR and ICF values with a certain fixed IACC in this experiment. The ICR or ICF values were changed from large to small or vice versa, and one of these was larger than the IACC while the other was smaller. Each stimulus was presented randomly by way of dichotic listening. The reproduction level was a maximum of 80 dBA. Two subjects participated in this experiment. They assessed temporal change in the spatial impression and then chose one of two answers, which were ''first, the sound-image distribution is narrow, then wide'' and ''first, the sound-image distribution is wide, then narrow'' after the stimulus was presented three times in succession. Assessment was done a total of 40 times for each stimulus. Figure 4 plots the psychometric functions obtained in Experiment I, which are approximated with a cumulative normal distribution. This discrimination is the psychometric function at 75% the value of the correct answers listed in Table 1 . The subjects could discriminate temporal change in transient interaural cross-correlation coefficients, even though the sound level at ICR was higher than that at ICF because of the exponential decay envelope. ''NtoW'' denotes ''first, sound-image distribution is narrow, then becomes wide'' and ''WtoN'' denotes ''first, sound-image distribution is wide, then becomes narrow.'' The difference in the temporal change of sound-image distribution denoted as NtoW or WtoN did not affect discrimination. When IACC was large, the discrimination value was relatively small. This trend could also be seen when the stimulus was steady-state band noise [5] . two reference stimuli coupled successively and another two that were the reference and compared stimuli, which were also coupled successively. The ICR and ICF of the reference stimulus had the same value. However, the ICF of the compared stimulus was varied, but kept the same as the reference stimulus. The compared stimulus was randomly presented at any place the four stimuli were presented (see Fig. 5 ). Three subjects participated in this experiment. They chose whether the compared stimulus appeared during the first coupling of four stimuli or in a latter coupling. Assessment was done a total of 40 times for each ICF of the compared stimulus. Figure 6 plots the psychometric functions listed in Table 2 . Similar to Experiment I, the subjects could discriminate temporal change in the transient interaural correlation coefficient even when the sound level at ICR was larger than that at ICF. Aoki and Houtgast demonstrated that there is a precedence effect for spatial impressions by using a 20 ms white-noise burst [6] . However, the duration of the stimulus in our experiment was longer than 20 ms; therefore, the precedence effect did not seem to affect discrimination. When ICR equaled 0.3, the discrimination for NtoW was smaller than that for WtoN. However, when ICR equaled 0.8, the discrimination for WtoN was smaller than that for NtoW. When ICR equaled 0.5, no such trends could be witnessed.
Conclusion
We used stimuli in this study produced from a band-passfiltered noise burst convolved by room impulse responses. Discrimination of temporal change in transient interaural cross-correlation coefficient was clarified in both cases of fixed IACC and fixed ICR. 
